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Digitalelevation data (DEM) for the Kaibab phltau 
were obuined from the VSDA Fomt M e ,  h i b b  
National Forest. These dah wtre used to C R B ~  a 
map Cor the study area so that we could examine 
hawk use oftoposraphi~ positions. The dope map ~ 1 8  
classified into seven slow calegoties t i  6 2 % .  2 - 
25%, and 7 - >26%). 

bidIite imsgry from LANDSAT S was oblained 
from 22 June I99 I. This scene induded n o c h d  mwr 
over the study a m .  We used the rakllite imagery to 
idemib fmest condihns-within the home ram of 
the whawksue  studied. Our g m e d  ippraach was to 
classiry the imagery and &en assess what the classes 
represenred with aerial pholographs. We allowad the 
computer to search for “natural” groupings of spcctrpl 
propeder (i.a. an unsupcmised dassificatim (Jenren 
19B6:215]) produced by the rcflecrance in bands 3.4, 
and 5. This procedure was conducted in the Oaograph- 
ical Resources AnaFysis Support Sysicm (GRASS) wilh 
a maximum likelihood discriminant analysis daspikr. 
Cell size was 30-m by 30-m Tor all analyses. 

Fificen d a s w  with dilkrent s w t r a t  signatures urcrc 
delineated. We overlaid a map or the 15 dasses om a 
sample of aerial photographs laken in July 1991 (scale 
1:8OOO) to a m a i n  visually what \he classcs repre- 
sfntcd in terms of rorest conditions. We found that, 
with one exception, the ctasscs (1-1 5) corresponded to 
a continuum ofincreasing forcsi density. Our datively 
small sample of hawk locations prevtnlcd us from 
cvaluatinguse of I5 diITcrrnt classes so we lumped the 
classes into five cawrics that broadly repksented ibe 
following forest conditions: (1) bare ground or ofcs- 
simal trees, (2) o p n  savannah-like conditions, (3) open 
oventory with a dense deciduous understory (this ai- 
egmy was the exception mentioned above and wa5 
distinguished primarily on ihe basis ofvcgetative com- 
position), (4) moderate overslory. and (5 )  dense over- 
siory. 
We rhcii used the acrial phalos to define each orthe 

h e  catq.ories on the ham u l  canopy closure and to 
estimate how cansislcnlly measures of canopy closure 
scpararcd the five calt&es. we cbhose canopy closurc 
to defincik categories because this measure appearad 
to reflect a major dillkrcnce among the categories; and 
could be estimated from a d a l  phoios. For each home 
range- for which aerial photos were available (N - 7). 
one photo was randomly chosen for examinslion. We 
firs1 ouUincd the areas ofall hve calegorks on the seven 
photos. We thm rstirnared canopy closure by mtssur- 
ing the amount of intercept of tree crowns along 199 
liner each 26 rnm long. The lines wm randomly placed 
on the photos with tht restriaions that thcy fall within 
the boundary or one category and not be within 2.5 
cm olthe edge of the photos. The laier rcslricrion was 
to reduce the ellecls ofknr distonion. We used a sin@ 
eyepiece mr&Ler (7 x kns) with a 20-mm bar Icak 
on an attached retide to make the rneasuremcnls. Can- 
opy closure was calcylatcd as the prcent of the 20- 
mm line intempted by tree crowns. 

The five categories were defined to maKimizc the 
p c m l  of line estimates in each carw~y thar would 

3-5%, 3 = 61096.4 1 1-1596, 5 16-20%,6 = 21- 

W p s a o  
W d - m  UNDSAT = <I% 154n YIR .Js% 

<15% 31’ 0.84 0.13 0.03 0.00 
I5-33% 52 0.13 0.72 0.15 0.00 
34-5591 47 0.00 0.19 0.79 0.02 
>55% 49,373 0.00 0.03 0.14 0.83 

pine mnopy closurc with a dense understory oraspm. 
oak, or locut; (4) 3 6 5 5 %  CC, and (5) >55% CC. 
The acturrcy of defining the five catcgon& on the 

bsis  of canopy dosure was estimated as the percent 
of h e  tots1 number of line estimates for ach category 
that fell in the ranges given rbove. One problem m 
n o d  was ihat dense, pure sunds (>0,36 ha) of seed- 
l i n g r a n d ~ a l l u t c s ~ r e ~ ~ j h c d ~ > J 5 % ~ W e  
mcasurtd the a m  of the dense. young sands on the 
mmpk ofaerial photographs 10 obtain an cstimale of 
how much they contributed to the mal area of the 
>55% CC category (N = 37 palEhcs tolalling 40.0 ha) 
and added this to prccni misdssrihtion. B a d  on 
these ealimalcq we delmnincd that mcsstms of can- 
opy dosure from aerial phob$raphs accurately defined 

CC. 79% ol the 3 4 4 5 %  CC, and 83% or he >55% 
CCCTablc I).Thecategory with <33%pondcrosappine 
overstory wuh all undrrstory oloalr. locusl. or aspen 
occurred loo rarely l o  assessaccuracy adequately or IO 
ULC in slalklica~ analyses, so il was lumped with the 
1543% cc calcgory. 

Btcauac meapur= ofcanopy closure from aerial pho- 
lographs tikdy ovacstimate canopy dosure on the 

h i n a r y  measurcmenlt on Ihe ground to quantify the 
potential bias. Sixty-nine tnnsccts, each 100 m long 
we= laid o i  in areas repmmting four cawgoria [ I f  
in rbt <IS% CC, 3445% CC and >55% CC =IC- 
gorits, and 18 in the 1543% CC catcpory). Areas snm- 
pkd and position of the transecb were chosen ran- 
domly.~yclosure~sest imettdalongihelranstcla 
by dcrcrmining Ihe p e m i  of esch iranssct lhar was 
arvcrcd by crowns of QVIYSIO~~ trees (Le.. crown in- 
tucipl). Preliminary measurements on Ihe ground 
mnrlnmd ihat ow cawpy dosure categories re- 
scnlcd arcas with increasing canopy c lmw~,  but sug- 
gcstedthat our mcPsuranwir from aerial phomnphs 
overenimalcd canopy closure (masuremenu or can- 
opy d o m e  fiom the ground: ~ 1 5 %  CC, I( - 4.1% 
range - 0-1 1 .SSb; ~ 3 3 %  CC, = 15,4%, range = IF. 
32.1 % 34-55% 02, X = 34.7%. range = I7.C49.1%; 

84% Of the 15% CC category, 72% of the 15-3396 

YDUd I h n d l  and V&S 1989), WC made Mmt m- 

dl GOSHAWK HAMTAT USE-Brighf-Smith and Mannart 

The map of canopy ctosure csiegories (i.~., canopy 
dosum owday) was used as a base map to cmre  a 
h a b h  diversity overlay. a basic habilat overlay, and 
an cdgc overlay. The diversity map was ucated by 
Morn ing  a 5 x 5 a l l  ncighbomood analysis on the 
anopy dosure ovuhy. Each ccll was approrirnalely 
30 m on a ridt so this analysis counted the number oT 
d i h l  canopy c b u r e  catcgwies found in a 2.25-ha 
square Cmterad on a el. AreaD that were uniform (I 
CC atcgory). or had low (2 CC caw-), moderale 
(3 CC categories), or hi% (4 or 5 0 2  cmcgaaics) di- 
versity were oulli~!ed m the diversity owlay. 

The  basic habitat overlay (HAB) was created by a 
two-#p pmxss. First an ovalay was made by 
moothing the original campy closure overlay from 
the LANDSAT data. Smoothing consisled of lwo it- 
erations ora 3 x 3 all neighborhood analpis in which 
each d l  olihe ntw overlay was assigned the value of 
the most commonly occurring class in the 9 a l l  mi%- 
bo-. The smoothed ovday was then combined 
with a map from the USDA Forest Smict  that showad 
areas lhat were dominatcd by pinyon-juniper wood- 
1 a n d . m  resulting map (HAB) was cquivaknt to.the 
smoothed habitat map except that all pinyon - j unipcr 
woodtsnd was assigned a new value. The area of pin- 
yon-juniper was 100 smal to allow its inclusion in P e  
sratistical analyses, so based on its average m o p y  CIO- 
sure h was lumped with the 1243% CC calegow. 

The HAB ovulay was used as the starting point to 
Qeaic Ihr edge overlay. The 34-55s CC and >55% 
CC caoleporia Tmm the HAB overlay were lumpad as 
“woodland” and the remainder of h e  classes were 
tumpd as “opm areas.“ T h e  edge overlay was crealcd 
by drflning 6ve new catqorin: open areas, &land 
within 50 m ofan ope‘n a m ,  d l a n d  50-1 00 m from 
an open area. woodland 100-200 m from an own arm. 
and woodland 7200 m from an opcn area. 

ANALYSIS OF HABITAT USE 

We included aU independent locations of goshawks 
that w m  perched or obscmcd flyingbelow the tanopy 
in h e  analyses of habitat use. We do not know what 
p d o n  ofthe Eoeplions represented foraging behavior 
b u s  wc could not determine what the birds were 
doing in most insmncts. We assumed that our data 
would re f id  \Ire relative d u e  of the categoria for 
foraging We made h i s  assumption because we ml- 
k e d  data during the mlling and fledgling periods. 
when f o r a  demands are highest and mdw must 
capture prcy for the Ternale and nestlings in addition 
to wtirfyhg their own nadt. 

h l y r e s  of use versus availability wen conduckd 
. . for each bird at two scales fbr each overlay. and thca 

trends in relative preference among all birds were eval- 
uated Tor ach overlay. Far the first Icak we cornpPrad 
L e  numbcr of hawk bocrttions in escb habiratcategwy 
(Le., use) to the number enpactad if the hawks wmc 
using the cakgorh randomly fi.c., b a d  on the avail- 
abiiity oflht catcgorics in h e  MCP horn range). ;kc- 
ond, we compared the a m  oCcacb habimt utegov in 
90-m radius cirds centered on the locations of birds 
(ic.. d) to the area oreach carcgory availabk (k 
rxpaded) in ule MCP home range. A radius of W l  m 
ms chosen for thnt biological reasons and one ppac- 
tical reason. fim, information from Europe suggests 

ha A. g. gemlitis may rorage ntar edgs  ( h w d  
1982) and w did not want io throw Out ~~~i~~ 
near adgcs Icg.. a l l  et 11. 1992). Ssond, for 
overlays. as many as three M Twr habitat 
oecurrcd aiithin 90 m of a hawk loation and, dven 
the mor associated vilh tri.ngutalims, asriming all 
the wtight to one atcgmy aoukl bims the r au l s .  
w h a w b  do not hragc only ai a single point but a n  
the s m d i n g  arufw poltnlipl prcy. n i s  id+a i s  
wpporltd by Kenward (1982). who round that a l w k  
Ai&@ averaged 54 m fmm perch lo m y  in woodland 
and 103 m in open arcas. Finally, the uduc d 90 m 
waschosen because it was an even multiple orthe 30-m 
ecrl size. 

A chi-square goodness of fil test was used to MI use 
vs. availability for the habilal and slope catcgorics for 
individual birds, as discussed by Thomas and Taylor 
(1990). When chi-square tests were significant (P < 
0.05). Bonferoni 95% confidence intervals were cal- 
culaltd to determine which calcgMa d i l l e d  Fmnt 
cxpecltd (Nw et al. 1974). For the 90-m circle anal- 
yses, the observed value for Ihc chi-square test was 
calcutarcd Tor a habitat calcgory by summing h e  pro- 
ponionofthcartaoftachcirckthalwasin that habhai 
catcgow. 

Patterns of habitat prehrencc among all birds were 
evaluated by averaging the rank preferences ofall hawk 
for each habitat ategory (Le., a Friedman‘s test [Ott 
19881) as discussed by AUdredy and Ratti ( I  992) and 
Cbnovcr(l980) with one modibtion. InsIcad oIttsl- 
ins Ihc rank of Ihe diRerencc bctwcen the pwant  m d  
and the. peratni available for each category, as done b) 
Alldredge and Ratti (1992). w lesltd the rank of Ihr 
dative preference (Chesson 1983) for cach category 
We used relative preference, as defined Mow, btcaux 
it aaounted for dillacnDes in availability ofeach h a b  
itat category among birds, and allowed us to co-mpan 
the ranks of dat ive pPefercmrs among birds with dip 
lereni home ranges. 

as follows: 
Relative preference (RP) wa5 dehncd for each birt 

dme 0, - the observed proponionab use of liabila 
O l C g o r y i .  E,-thcexpatdpropor~ional uscofhabivl 
category i, and n - the number of  habilat caugoric: 
used by one bird. 

The m l t i n g  preFercncc values have a range- of  0 tt 
I and sum to I for each bird. Thm values were r m k a  
for each bird 90 that Uic Icast “pscfcrred” hebitat WB’ 
dven a value of 1 and ihe most “ p r c T d ”  a vstw 0 
4 or 5 depending on the number orhsbiu! categories 
Mean mka were ihcn ampared among habitat 
g01-k. When the Friedman’s test was significant F.C. 
a di f fmce  m o n s  mcan rankr was dcrcclad), FdC 
Ira51 6ignifiant d i k n a  WM a l c u b ~ I  to duumtn 
which mean mnkings ditferad rignihcandy. For the re 
maindtr of the paper when ve disccus which habitat 
arc most or kast preferred wc shall-be rrfeffling 
pliatly 10 the dat ive ptcfcrencc as defined above. 
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preferences within their home rangeu, and (SI 
goshawks may select habitat o n  the basis ofcon- 
ditions we did not measure, Significant trends at  
the individual bird level also may have bem ob- 
scured by theerrorassociated with ourlocations, A m E w e .  J.3  J- T- RMYI j99** Furthu 
the uncenainty abut fiat the birds wMt doing camprism of some natisfical rcchniqua for anal- 

ysis orresource selection. J. Wildl. Manap. 561-9. when *e located them, and the m o r  introduced 
when we smoothed the b s i c  habitat overlay. orbnsdingNorihcm in the a,. 
Smoothing results in small mtches gotmial ly  -des. MS. thmis. state univ., m l l i s .  
being mixlassified. OR. 

and Fish Dcpatlmcnt pmvided housing during the last 
k i d  e a r n .  
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